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Abstract
At J-PARC Muon Science Facility a conventional superconducting decay muon beamline (D-Line) was con-
structed that can extract surface (positive) muons and decay positive/negative muons up to 120 MeV/c. This beamline
will be used for various kinds of muon experiments like μSR, muon catalyzed fusion and nondestructive elements
analysis. Similarly to the ISIS facility at RAL, the muon beam produced at J-PARC has a double-pulsed structure. To
utilize the muon beam more efﬁciently, a muon kicker system will be installed to separate the double-pulsed beam and
send the two pulses to two experimental areas simultaneously, allowing μSR experiments with single-pulsed muons.
A muon kicker system, comprising two magnetic kicker magnets, two switchyard magnets and a septum magnet, is
now been constructed. Single-pulsed muon beam up to 60 MeV/c can be transported. New state-of-the-art power
supplies are also been fabricated. The installation in the beamline is planned in summer 2011.
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1. Introduction
The new Muon Science Facility (MUSE) [1] is now under construction at J-PARC (Japan Proton Accelerator
Research Complex) at the Tokai campus of JAEA (Japan Atomic Energy Agency) in the Materials and Life Science
Facility (MLF) building under the collaboration between KEK and JAEA. In the J-PARC project, the 3-GeV 333-μA-
proton beam from the rapid cycling synchrotron (RCS) will be transported from the RCS ring to the neutron source
situated in the MLF building. There, in the M2 primary proton beamline, just 33 m upstream of the neutron source, the
muon target made of a 2-cm-thick graphite disc for the production of intense pulsed pion and muon beams is located.
Four dedicated muon beamlines will be constructed; a surface muon beamline (S-line) and a high-momentum muon
beamline (H-line) in the experimental hall No. 1, and a superconducting decay muon beamline (D-line) and an ultra-
slow muon beamline (U-line) in the experimental hall No. 2. At present, only the D-Line is almost completed. The
layout is shown in Fig. 1. It consists of three main parts: a pion injection, a superconducting decay solenoid, and
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Figure 1: Layout of the decay muon beamline in the MLF experimental hall No. 2.
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Figure 2: Schematic view of the muon kicker system.
a muon extraction. The beamline is divided into two legs after the bending magnet DB3, each leg leading to an
experimental area, D1 and D2, respectively, that are planed for simultaneous use. This conventional superconducting
decay muon beamline can extract surface (positive) muons with an expected muon yield of a few 107/s and decay
positive/negative muons up to 120 MeV/c, with an expected muon yield of a few 106/s at 60 MeV/c for both positive
and negative muons. This beamline will be used for various kinds of muon experiments like μSR, muon catalyzed
fusion and nondestructive elements analysis [2]. In November 2009, we achieved the world strongest pulsed muon
source at MUSE with a surface muon intensity of 1.8× 106/s, larger than that at the RIKEN-RAL muon facility, even
by using only a 120 kW proton beam, and corresponding in the future to 1.5 × 107/s with a beam power of 1MW.
Similarly to the ISIS facility at RAL in the UK, the proton beam from the RCS has a double-pulsed structure
of 100 ns wide, separated by 600 ns with a repetition rate of 25 Hz, and the muon beam produced has the same
time structure. At the moment only double pulse muon experiment can be performed. The experimental area D1 is
presently equipped with a beam slicer with slits and a μSR spectrometer for single pulse μSR experiments [3], by
slicing away the other muon pulse. To utilize the muon beam more efﬁciently, a kicker system will be installed to
separate the double-pulsed muon beam and send the two single-pulsed muon beams to the two existing experimental
areas D1 and D2 simultaneously, allowing two μSR experiments with single-pulsed muons at the same time. The
design parameters of the new muon kicker system and the D-Line construction status are presented in this report.
2. Muon kicker system
The design of the new kicker system that is now under construction at MUSE was based on the magnetic kicker
that is in operation at the RIKEN-RAL Muon Facility [4]. A schematic view of the new muon kicker system is shown
in Fig. 2. It comprises three kinds of magnets; two magnetic kicker magnets (DK1 and DK2), two switchyard magnets
(DSY1 and DSY2), and a septum magnet (DB3). This system will be installed in the D-Line after the Q-triplets (DQ7-
8-9) before the beamline is divided into two legs leading to the experimental area D1 and D2 (see Fig. 1). This muon
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Figure 3: Kicker magnet simulation: (a) excitation timing, (b) OPERA-3D model, and (c) magnetic ﬁeld results for time varying ﬁeld (solid square)
and static ﬁeld (open circle) analysis.
kicker system is designed so that it can separate and transport single-pulsed muon beam up to 60 MeV/c to both
experimental areas simultaneously, and double-pulsed muon beam up to 120 MeV/c to either experimental area D1 or
D2. The two switchyard magnets DSY1 and DSY2 deﬂect the muon beam to the right by 4.5◦ (2.25◦ per switchyard)
so that the beam is shifted by 100 mm at the entrance of the septum magnet leading to the area D1. Then, the two
kicker magnets DK1 and DK2 deﬂect the second muon pulse in the opposite direction by 9◦ (4.5◦ per kicker) so that
it enters the septum magnet on the left leading to the area D2. As a requirement, the kicker timing should have a
rise-time of less than 300 ns, and a ﬂat top (±3%) of 300 ns. The decay time is not critical since the following muon
pulse comes only after 40 ms. The geometrical center of the two switchyard magnets and the two kicker magnets is
identical so that the ﬁnal deﬂected angle of the muon beam entering the septum magnet is the same in each mode, and
other beam optics parameters are unchanged.
The kicker magnet simulation was performed using the code OPERA-3D (ELEKTRA) for the time varying mag-
netic ﬁeld analysis. Figure 3 show (a) the excitation timing, (b) the analytical model, and (c) the results for the time
varying ﬁeld (solid square) and the static ﬁeld (open circle) analysis, respectively. The magnetic ﬁeld distribution is
different from that of the static ﬁeld analysis due to the generation of eddy currents. The code OPERA-3D (TOSCA)
was used for the static magnetic ﬁeld analysis.
The septum magnet comprises two identical bending magnets closely set together at the beam entrance, and their
exit connected to the beamline leading to the area D1 and D2, respectively. The distance between both entrances is
200 mm. The pole gap is 200 mm, with a bending angle of 35.5◦. To place the two magnets very closely, the coils
are made of only one layer of 8 turns each, two per magnet (up and down). This magnet, has two operation modes,
behaving as a septum or a normal bending magnet. When used as a septum in association with the operation of the
kicker magnet, it bends the kicked and un-kicked muon pulses up to 60 MeV/c in the desired direction. It operates
as a bending magnet when it bends the double-pulsed muon beam up to 120 MeV/c to either direction without kicker
operation. In this mode, a maximum current of 4110 A is required with a ﬂow rate of 112 l/min. The magnetic ﬁeld
evaluation of the septum and the switchyard magnets were performed using the code OPERA-3D (TOSCA). Figure 4
and 5 show (a) a picture of the fabricated magnet, (b) the analytical model, and (c) a comparison between calculated
(open circle) and measured (solid square) ﬁeld distributions for the switchyard and the septum, respectively.
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Figure 4: Switchyard magnet: (a) fabricated magnet, (b) OPERA-3D model, and (c) magnetic ﬁeld distribution results.
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Figure 5: Septum magnet: (a) fabricated magnet, (b) OPERA-3D model, and (c) magnetic ﬁeld distribution results.
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Figure 6: Kicker magnet commissioning test in the MLF experimental hall No. 2 (left), and pictures of the kicker magnet (middle and right).
3. Present status and future plans
The switchyard and the septum magnets manufactured by TOKIN Machinery and the kicker magnet constructed
by MIRAPRO Corp. were delivered in the ﬁscal year 2010. New state-of-the-art power supplies are also been
fabricated for the kicker and septum magnets. The kicker power supply has already been manufactured by Nihon
Koshuha Co., Ltd., and the adjustment using a dummy load was also performed. The commissioning using the actual
kicker magnet (real load) was scheduled in the MLF experimental hall No. 2 at the end the ﬁscal year 2010 (see
Fig. 6), but due to the catastrophic earthquake that struck Japan in March, this schedule was unfortunately delayed.
The main components of two kicker power supplies that can produced a pulsed current of 6300 A (corresponding to
an excitation voltage of 45 kV) are set in an oil tank to reduce the inductance. Power cables (20 Ω × 3) connect the
power supply to the kicker magnet in a shielded rack. Matching condensers are placed in two small oil boxes at the
top of the kicker chamber. The ground of the kicker magnet is insulated from the ground of the beamline to reduce
noise from the kicker operation to other equipment. The septum power supply is now being manufactured by IDX
Co., Ltd. It can generate independently twice 2000 A /40 V for the septum mode and combined 4000 A / 40 V for
the bending mode (positive and negative). A solid-state power supply has been designed and developed to provide
high quality performance and stability (ripples 2× 10−5 rms) considering symmetry in the logic and digital feedback.
The completion is scheduled in June 2011 with an actual loading test using the septum magnet at the company. At
that time, the measurement of the ﬁeld distribution of the septum magnet at maximum excitation is also planned.
The actual installation of the muon kicker system in the beamline is now scheduled for the summer 2011 after each
component is examined and adjusted. The operation is planned for the next beam cycle when the J-PARC accelerator
has been restarted.
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